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METHOD AND APPARATUS FOR MULTI-PHASE SEPARATION 
Background of the invention 

This invention relates to a process and apparatus for separating gas and 
liquid from a pressurised flow from an oil well, utilising a rotary 
separation turbine, ......... . 

Rotary separation turbines are known, US Patent No 4087261 and 
5525034 being illustrative of known arrangements. As will be well 
understood by those familiar with rotary separation turbines, the 
pressurised liquid flow containing dissolved gas is directed into the 
turbine assembly through a specially designed nozzle where the 
expansion energy derived from the gas "flashing" out of solution is 
transferred to kinetic energy in the jet issuing from the nozzle and 
impinging upon the turbine rotor. The interaction of the accelerated jet 
with the turbine rotor drives the rotor and a liquid layer which forms on 
and rotates with the rotor undergoes centrifugal separation as a result of 
the high rotational speed, to separate any remaining gas from the liquid. 
Where, as in US Patent No 4087261, there are solids and/or mixtures of 
immiscible liquids (oil and water) of different density, these will be 
separated by centrifugal stratification of the liquid into various coaxial 
layers on the turbine rotor. Energy can be recovered from the system by 
way of a rotating output shaft driven by the turbine rotor, and/or in the 
form of liquid pressure, by means of one or rriored iff user scoops 
intercepting the or each liquid layer rotating with the turbine rotor; 

Summary of the Invention 

In accordance with the first aspect of the. present invention there is 
provided a process for separating fluids of different density from a 
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pressurized fluid mixture, comprising supplying the flow to a rotary 
separation turbine and utilizing energy derived from the flow by the 
rotary separation turbine to pressurize a supply of one of said fluids for 
r supply to the separation process to increase the proportion of that fluid 
in the process. 

In accordance with another aspect of the present invention there is 
provided a process for separating gas, water and oil from a pressurized 
flow from an oil well comprising supplying the flow to a rotary 
separation Jur bine and utilizing energy derived from the flow by the 
rotary separation turbine to pressurize water to supply to the separation 
process to increase the water proportion in the process. 

Preferably the water is derived from the inlet flow, is collected 
downstream of the input nozzle of the rotary separation turbine, and is 
recycled to the inlet flow upstream of the nozzle of the rotary turbine 
separator. 

Alternatively the water is derived from the inlet flow, is collected 
downstream of the inlet nozzle of the rotary separation turbine, and is 
recycled to the rotary turbine separator downstream of its inlet nozzle. 

Preferably the water is collected from the rotor of the rotary separation 
turbine by a diffuser scoop in which sufficient pressure is generated to 
recycle the w:ater. 

Alternatively the water is derived from a low pressure source separate 
from the inlet flow and is pressurized by energy derived from the inlet 
flow by the rotary separation turbine for supply to the separation process. 
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Preferably the water is supplied to the separation process upstream of the 
nozzle of the rotary separation turbine. 

Alternatively the water is supplied to the separation process immediately 
downstream of the nozzle of the rotary separation turbine. 

Conveniently the water is derived from the inlet flow by separation 
within the rotary separation turbine. 

Alternatively the water is derived from the inlet flow by a separation 
stage subsequent to the separation in the rotary separation turbine. 

Desirably the separation stage subsequent to the rotary separationi turbine 
is a further rotary separation turbine. 

Alternatively said separation stage subsequent to the rotary separation 
turbine includes a hydrocyelone. 

In accordance with a further aspect of the present invention there is r 
provided a separation process including the steps of treating the flow 
from an oil vyell in a first, high pressure, rotary sepaiMiojx^^^ to 
remove a first proportion of the dissolved gas therefrom, and supplying 
some of the products of the first stage separation to a second stage 
separatipn operating at a lower pressure to remove further dissolved gas 
from the flow. 

Preferably some of the product. of the second stage separation turbirle is - 
passed to a third stage separation operating at a still lower pressure to 
retrieve the remaining dissolved gas from the inlet flow. 
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In accordance with a further aspect of the present invention there is 
provided a process for separating gas and liquid from a pressurized flow 
from an oil well comprising de-gassing, or substantially de-gassing the 
flow in a rotary separation turbine, and then subjecting the de-gassed 
flow to oil and water separation in a liquid/liquid hydrocyclone. 

The invention further resides in apparatus for use in separation of gas, oil 
and water for a pressurized flow from an oil well, including a rotary 
separation turbine and means utilizing energy derived from the flow by 
the RST for pressurizing water to supply to the separation process. 

In accordance with a further aspect of the invention there is provided a 
process for separating phases of a multi-phase flow comprising feeding 
the flow to a rotary separation turbine the rotor of which is rotated at 
sufficient speed to achieve phase separation of the flow and utilizing 
such rotation of the rotor and at least one of the separation phases to 
generate sufficient pressure in an output line of said phase to permit 
recycling of said phase at least in part into either the inlet flow of the 
RST or into the casing of the RST. 

Preferably the turbine rotor is driven, at least in part, by an energy source 
external to said multi-phase flow. 

In accordance with a still further aspect of the present invention there is 
provided a process for separating oil and water from a combined flow 
including treating the combined flow in a rotary separation turbine to 
separate the oil and water and adding water either to the flow entering 
the rotary separation turbine or to the flow in the rotary separation 
turbine. 
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Conveniently said water is added by means of an external pump. 

Alternatively said water is recycled from the separated water leaving the 
^rotary separator turbine- 

Desirably said water is recycled by pressure generated by rotation of the 
rotor of the rotary separation turbine. 

Conveniently the rotary separation turbine is driven, at least in part, by 
an energy source external to said combined oil and water flow. 

Brief Descrition of the Drawings 

In the accompanying drawings:- 

J" . . ' • 

Figure 1 is a diagrammatic representation of a multi-phase separation 
apparatus in accordance with a first example of the present invention; 

Figure^s 2 and 3 are views similar to Figure 1 illustrating modifications; 

Figure 4 is a view similar to Figure 1 of apparatus in accordance with a 
second e^cample of the present invention; 

Figure 5 is a diagrammatic representation of a multi-stage multi-phase 
separation apparatus in accordance with a third example of the present 
invention; and 

Figure 6 is a view similar to Figure 5 of a modification thereof. 
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Detailed Descrition of the Preferred Embodiments 

Referring first to Figure 1 of the accompanying drawings, the multi-phase 
separation apparatus is based upon a rotary separation turbine 
(hereinafter referred to as an RST) which may, conveniently, be in the 
form disclosed in US Patent No 4087261. The exact structure of the RST 
1 1 is not of importaoqe.to the present invention, it being understood that, 
the RST rotor is driven by, and separates the phases of, a high pressure 
stream derived from an oil well. The stream contains water, oil, and 
dissolved gases under substantial pressure (for example 150 bar) and is 
fed to the inlet nozzle of the RST without any substantial pressure 
reduction. The design of the inlet nozzle of the RST is, as will be 
understood by experts in the turbine separation field, such that it 
promotes a rapid evolution, and expansion of the gas from solution and 
uses the energy of expansion to accelerate the homogenous, and focused 
jet of gas and liquid issuing from the nozzle. The nozzle directs the 
focused jet substantially tangentially onto an internal cylindrical surface 
of the turbine rotor causing the rotor to spin about the axis of the 
cylindrical surface, it being understood that the surface of the rotor may 
be a right circular cylinder or an axially tapering cylinder or variants 
thereof. The liquid impinging on the rotor forms a layer rotating with the 
rotor, and thus subjected to centrifugal forces in accordance with the 
speed of rotation of the rotor. The rotation generates centrifugal 
separation within the liquid layer so that further gas is evolved into the 
casing of the RST and the liquid layer is stratified to form coaxial layers 
of oil and water, the oil being less dense than the water, and thus 
forming radially inwardly of the water layer. 

Stationary diffuser scoops extend into the oil and water layers 
respectively to provide a discharge route for the oil and water, the 
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pressure generated in the scoops and associated piping being determined 
by the flow resistance within that piping, and the speed of rotation of the 
oil and water layers relative to the scoops. 

4n Figure 1. it can be seen that the wellhead flow is directed along line 
^ ^ '"'^^ nozzle 13 of the rotary separation turbine 1 l .^vybere it is 

jetted onto the turbine rotor. Separation of the gas, oil and water occurs 
within the RST 1 1 the gas exiting from the casing of the RST at a 
predetermined pressure governed by variable restrictors in the outlet path 
of the gas. The gas is collected for further processing, although the 
pressure which is allowed to develop in the casing of the RST 1 1 is 
preferably controlled to be such that as little as possible further 
pressurization of the gas is necessary In the passage of the gas to its 
ftjrther processing stages. This pressure will of course be substantially 
less than wellhead pressure persisting upstream of the nozzle 13. The 
oil layer forming within the turbine rotor is discharged by way of the oil 
scoop and an outlet line 14 for storage, or further processing, the oil 
pressure in the line 14 being determined by the speed of rotation of the 
turbine rotor (and therefore the oil layer) and controliabje restrictors in 
the line 14. The purity of the oil layer may be such that further 
separation of the oil phase is not necessary, and the oil can pass to 
storage, or by way of pipe line to the refinery. However, it is to be 
recognised that if necessary the oil discharged by way of the line 14 may 
be subjected to a further processing stage, for example, to reduce even 
further the proportion of entrained water droplets. 

Similarly the water layer forming within the turbine rotor is discharged 
through the water scoop into an outlet line 15. As with the discharged 
oil, the discharged water may be sufficiently pure to be discharged back 
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to the environment, but if not then it may be subjected to further 
processing to reduce the proportion of entrained oil droplets. 

A known problem with existing separation systems, particularly gravity 
separation systerns, is the formation of a stabj^ oil/water emulsion layer 
between the separated oil and water layers. It is believed that the 
formation of such an emulsion layer can be inhibited by increasing the 
proportion of water to oil in the inlet flow to the separator (usually 
known as increased water cut). Irrespective of inhibiting the formation of 
an emulsion layer it is recognised that increasing the water cut improves 
the efficiency of separation of oil and water as it is easier for oil droplets 
to migrate through a water phase than for water droplets to migrate 
through an oil phase. However in gravity separation systems increasing 
the water cut leads to larger and more expensive separator vessels and to 
the need to supply energy to pump water into the vessel at the pressure 
existing therein. 

' I In Figure 1 it can be seen that a line 16 interconnects the line 15 and the 
line 12 so that water can be recycled from the line 15 into the inlet flow 
upstream of the nozzle 13. Thus the facility exists for augmenting the 
water cut of the inlet stream in those situations where the water cut is 
below a predetermined level at which oil/water separation is prejudiced 
and/or it is expected that emulsion formation is likely. 

It will be recognised that in order that there can be a flow along the line 
16 from the line 15 to the line 12 then the pressure in the line 15 must 
exceed that in the line 12. Such pressure can be generated by the 
diffuser scoop//^ollecting the water from the water layer and it will be 
noted that there is a control valve 17 in the line 15 downstream of the 



9854441 A2 I > 



wo 98/54441 




PCT/GB98/01556 



point of interconnection of the lines 15 and 16. Although not shown in 
the drawings it is to be recognised that a non-return valve will be 
incorporated in the line 16 to prevent any possibility of flow from the 
line 12 to the line 15. 

Control over the operation of the valve 17, to control recycling of water 
from the line 15 by way of the line 16 to the line 12 can take a number 
of forms. Figure 2 for example shows a fraction meter 1 8 positioned 
either upstream, or alternatively downstream, of the point of 
interconnection of the lines 16 and 12. The fraction meter 18 monitors, 
in real time, the relative proportions of oil and water in the flow passing 
through it/ and thus can proyidje a^i^^ signal controlling operation of 
the valve 17 to increase or decrease the arriount of water being recycled 
toeensure that the water cut of the flow entering via the nozzle 13 is 
above the predeter mined level. 

Figure 3 illustrates an alternative arrangement in which the result of the 
separation process is used to. control the amount of water recycled. Thus 
the lirie 15 agd/^r the line 14 are provided with fraction meters which 
mpnitor the Wiater/oil flows and provide a control signal for the valve 17 
to vary the amount of recycled water accordingly. 

In a further alternative the inlet flow in the line 12 is periodically 
sampled to determine the oil/water ratio and to establish the lowest 
water cut yvhjch can be tolerated. A, simple flow meter continuously 
measures the rate of flow in the line 12, and thus the flow entering the 
RST 1 1 . The periodically sampled oil/water ratio/together with the flow 
in the line 12 is then used to control the operation of the valve 17 to 
ensure that sufficient water is recycled to ensure that the flow entering 
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the RST has a water cut which always exceeds the predetermined lowest 
value. Where the lowest acceptable water cut can be predetermined and 
is expected to remain valid for a significant period in the operation of the 
well, then a simple system of recycling water can be achieved by 
providing the RST with a further diffuser scoop in the water layer 
dedicated solely to recycling. The scoop is designed to extract sufficient 
water to recycle to ensure that the water cut is significantly in excess of 
the predetermined lowest acceptable value. Thus monitoring is 
unnecessary/ the excess over the lowest acceptable value will be 
sufficient to damp out the effect of minor operating variations in the 
oil/water proportions of wellhead flow, and since the scoop extracts in 
accordance with rotor speed then the system will tend to be self 
regulating in relation to inlet flow rate variations. Increasing the water 
cut to give a large margin over the lowest acceptable value in relation to 
separation efficiency and/or emulsion formation also minimises the risk 
of oil from the oil layer entering the or each water scoop should there be 
an oil 'slug' or the like in the inlet flow. 

If there is entrained sand, or other solid particles in the inlet flow, then 
these may be dealt with upstream of the nozzle 13, by for example a 
filter or a cyclonic desander, so that no such particles enter the RST. 
However, it is found that RSTs are in general tolerant to entrained solid 
particles in the inlet flow by virtue, it is believed, of the jet from the 
nozzle 13 impinging upon a liquid layer on the turbine rotor. Thus the 
risk of erosion of the turbine rotor by the solid particles is minimised 
since their energy is absorbed in the liquid layer. However, during 
separation the solid particles, being more dense than the water phase, 
migrate to form a layer radially outwardly of the water layer and if 
desired these can be removed by a further scoop as described in US 
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Patent No 4087261. An alternative however is to provide passages in 
the wall of the turbine rotor through which the solid particles are flushed 
by water from the water layer. The passages can be shaped at the 
exterior of the turbine rotor to define reaction jets whereby the escape of 
water and solid particles augments the rotation energy of the turbine 
rotor. The solid particles and-the flushing water are then collected in an 
involute of the stationary casing of the RST for discharge in any 
convenient manner. 

It will be recognised that the removal of solid particles either by flushing, 
or by a scoop removes water from the water layer. Where the water cut 
is already low, then there may be a risk that the water cut falls top low 
both in terms of the risk of formation of emulsions, and in terms of the 
risk^of reducing separation efficiency. To accommodate such a situation 
make-up water from an alternative source can be added to the flow 
impinging on the turbine rotor. It will be recognised however that if 
make-up water is to be added to the inlet flow upstream of the nozzle, 
then it must be pressurized to a pressure in excess of the pressure, in the 
line 12. Thus it is proposed to add make-up vyater through a separate 
nozzle into the confines of the turbine rotor where of course the pressure 
is much less than the pressure in the line 12, being the pressure at which 
the evolved gas is being taken from the system. Thus the energy input 
necessary to supply make-up water is less than that which would be 
necessary to supply the water into the fine 12. , 

It will.be understood that the RST transfers energy from the wellhead 
flow either by pressurizing the gas, oil and water outlet flows, and/or by 
a power take-off from the rotor of the. RST. The rotor can drive a shaft 
driving a compressor or pump, for example for supplying make-up water 
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to the RST casing, or alternatively can drive an electric motor/generator 
which can generate electrical power or alternatively can be used to 
consume electrical power from another source, to run the RST up to 
speed at the commencement of a separation operation. 

Figure 4 illustrates a further example of the present invention. 

The rotary separation turbine 21 is similar to the turbine 1 1 described in 
general above, but is designed to achieve gas/liquid separation rather 
than gas/oil/water separation. Thus the wellhead flow passes along the 
line 12 to the nozzle 13 of the RST 21 and the gas evolved between the 
nozzle and the turbine rotor, and during separation on the turbine rotor, 
is extracted from the RST casing as described above. The liquid phase is 
not treated as separate oil and water layers and is collected by a scoop 
which discharges through an output line 22. The outlet line 22 thus 
receives a de-gassed oil and water mixture which is then supplied to the 
inlet of a liquid/liquid hydrocyclone 23 of known form. The 
hydrocyclone 23 separates the oil and water to produce an oil overflow 
by way of an output line 14 and a water underflow by way of an outlet 
line 15. A control valve 17 is provided in the outlet line 15 and a water 
recirculation line 16 interconnects the line 15 upstream of the valve 17 
with the line 12 upstream of the nozzle 13. 

The pressure which can be generated in the line 22 is more than 
adequate to supply the hydrocyclone 23 so as to achieve efficient oil and 
water separation in the hydrocyclone 23. The pressure in the line 22 
can be such that the water pressure in the line 15 can still exceed the 
pressure in the line 12, and thus recirculation of water from the outlet 
line 15 to the inlet flow in the line 12 can take place exactly as 
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described above, and control over the valve 17 can be achieved by the 
same types of monitoring techniques as are described above in relation 
to the three-phase RST 11. 

Forms of centrifugal separator other than a hydrocyclone could be used, 
for exanrip|fik.a compact centrifuge driven by power derived frorp,^he RST 
rotor shaft could be utilized. 

It will be recognised that the use of a two-phase RST 21 to de-gas the 
wellhead flow and then to provide a pressurized supply of de-gassed 
oil/water mixture to a centrifugal separator may, in many applications, be 
advantageous over the additional complexity of three-phase separation in 
a rotary separation turbine and thus is a concept which is novel and 
ifiventive in its own right irrespective of whether or not its operation is 
augmented by recycling of water through a line 12. 

It will be recognised that the quantity of gas which is evolved from the 
wellhead flow is determined in part by the pressure drop which the flow 
experiences. Figure 5 illustrates a separation string utilizing a number of 
turbine separation stages. In its broadest concept the string can utilize 
either tvyo phase RSTs as mentioned above in relation to Figure 4, arid as 
shown, for example, in US Patent No 5525034 or three-phase RSTs in 
which the liquid, phase is seipar^t^d into oil and water layers, or a 
mixture of three and Xy/o phase RSTs, or a mixture of RSTs and other r 
forms of separator. In Figure 5 three-phase RSTs are illustrated as will = 
become clear later. 

The wellhead flow in Figure 5 is directed along a line 12 to the nozzle 
13 of a first three-phase RST 11. Gas is evolved within the casing of the 
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turbine 1 1 in the usual manner, and provides the energy to accelerate 
the liquid jet to drive the turbine rotor where further gas separation 
occurs. The gas pressure within the casing of the separator 1 1 is 
controlled to be, for example 70 bar, and thus gas extracted from the 
casing of the first stage separator 11 needs little or no re-pressurization 
before being transpiorted for storage or further processing. Water from 
the water layer forming on the turbine rotor is discharged by way of a 
diffuser scoop into a water outlet line 15, and the scoop associated with 
the oil layer forming on the turbine rotor discharges the oil layer through 
an oil outlet line 14. Incomplete oil and water separation has taken 
place, and so the oil outlet flow contains water. More importantly 
however the oil output flow still contains dissolved gas as not all of the 
dissolved gas in the inlet flow from the line 12 was evolved within the 
casing of the turbine 1 1 owing to the relatively high pressure (70 bar) 
conditions in the casing. 

A second stage RST 1 la has its input line 12a connected to the output 
line 14 of the first stage RST 1 1 . The pressure conditions in the casing of 
the RST 1 la are controlled to a maximum of, for example, 30 bar and so 
the inlet flow from the line 12a evolves further dissolved gas as it passes 
through the inlet nozzle of the RST 1 la. Again. water is discharged 
through a line 15a and an oil flow is discharged through a line 14a. The 
gas evolved within the RST Ha is at 30 bar, and thus partial re- 
pressurization only is necessary in order to transfer the gas for storage or 
further processing. The oily flow from the outlet 14a still contains 
dissolved gas, and thus still contains sufficient energy to drive a third 
stage RST. Thus the line 14a is connected to the inlet line 12b of a third 
stage RST 1 lb, the casing of which is controlled to a pressure of, for 
example, 2 bar. Gas is therefore evolved as the flow from the line 14a 
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passes through the Inlet nozzle of the RST 1 lb thus driving the turbine 
rotor and achieving final separation such that the remaining water is 
discharged through the output line 15b of the separator 1 lb and oil is 
discharged through the output line 14b of the separator 1 lb. 

,., ^,,Jhe evolved gas in the casing of the separator 1 1 b.,needs significant re- 
pressurlzation for storage or further processing, but it will be recognised 
that of the total gas content of the wellhead flow only a small proportion 
needs added energy for re-pressurization. 

Where there is a string of rotary turbine separators as illustrated in Figure 
5 then recycling of water can be achieved very simply. It can be 
arranged/ by throttling the output flow in the line 15b of the final stage 
that the pressure in the line 1 5b exceeds the casing pressure of the 
second stage RST 1 la. Thus a line 16b can be used to recycle water 
from the output line 15b of the final stage into the casing of the second 
stage RST 11a. Similarly, water can be recycled from the output line 15a 
of the second stage RST 11a through a line 1 6a to the casing of the fii'st 
stage RST 11. 

It will be recognised that the supply of recycled water into the casing of 
the HST is particularly useful where the water is being used to make-up 
the water layer forming oh the rotor of that RST, replacing, for example, 
water lost through flushing of solid particles through reaction jets. Thus 
In effect make-up water can be supplied from a low pressure source to 
the highest pressure, first stage RST 1 1 using only the energy released by 
the evolution and expansion of gas from the wellhead flow. Figure 5 
illustrates a line 25 supplying make-up water from an external low 
pressure source to the casing of the final stage RST 1 lb. It will be 
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recalled that the pressure in the casing of the RST 1 lb is nominally 2 bar 
and thus make-up water can be supplied through the line 25 from a low 
pressure source without re-pressurization by pumping or the like. Some 
of the water added from the line 25 to the final stage is of course 
recycled through the line 16b to the intermediate stage, and thus by way 
of the line 16a to the first (high pressure) stage. ],^^,. 

Where recycled water is used primarily to enhance the water cut to 
minimise the risk of emulsion formation it is believed that it is better to 
augment the water cut upstream of the separator nozzle. Thus it is 
necessary to supply the recycled water at a higher pressure than would 
be the case if the water^ was being used as, for example, make-up water 
supplied directly into the casing of the RST through its own inlet nozzle. 
It will be recognised that if desired the output pressure in the lines 15a, 
15b can be arranged to be high enough for the recycle lines 16b, 16a to 
supply recycled water to the input lines 12, 12a rather than directly into 
the casings of the RSTs 11 and 11a. However, Figure 6 illustrates an 
alternative arrangement. 

In a modification of the arrangement illustrated in Figure 5 the first stage 
three phase RST 1 1 is capable of completely separating the oU and water 
phases of the input flow from the wellhead. Thus no water passes to the 
second and third stage RSTs 11a, lib and these RSTs can therefore be 
two phase RSTs which simply de-gas the oil phase derived from the RST 
1 1 . Moreover in place of the or each two phase RST it would be 
possible to use, for example, a gas/liquid hydrocyclone for de-gassing the 
oil phase. Recycling of water from the RST 1 1 within the RST or back 
upstream of its inlet nozzle 13 can of course still be used if necessary. It 
will be recognised that de-gassing RSTs will recover energy which can be 
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used directly by way of an oil scoop to pressurize the oil outlet or by 
way of shaft take-off to pressurize the gas evolved, or to utilize the 
recovered energy to drive a generator providing electrical power. 

In Figure 6 the RSTs 11, 11 a, lib are shown as having an additional 
output line 26, 26a and 26b respectively.. -These lines are supplied from 
respective additional diffuser scoops which cooperate with the water 
layer of their respective turbine rotor. Thus the pressure in the line 26 is 
arranged to exceed the pressure in the line 12 so that a connection of the 
line 26 to the line 12 upstream of the nozzle 13 permits recirculation of 
water back into the inlet flow of the RST 1 1. Control valves and non- 
return valves will be associated with the line 26 as described above to 
ensure that there can be no return flow from the line 12 through the line 
^6, and to ensure that appropriate amounts of water are recycled in 
accordance with monitored parameters of the system/ The output line 
26a of the second stage RST 11a is shown, in Figure 6, to be connected 
to the line 26 of the first stage RST 1 1. Similarly the output line 26b of 
the third stage RST 1 lb is shown connected to the input line 12a of the 
second stage RST 11a, It will be recognised however that if desired in 
addition the line 26a can also be connected directly back to its input line 
12a and the line 26b can also be connected directly back to its input line 
12b (as shown in broken lines in Figure 6). In such an arrangement 
there is the facility for controlled recirculation of water from the output 
26 to the input 12 of each of the three stages separately from one 
another. However, in addition the third stage RST lib is provided with 
a low pressure make-up water supply 25b and by virtue of the 
connection of the line 26b also to the input line 12a of the second stage 
RST then make-up water can be supplied to the RST 1 la upstream of its 
nozzle. Similarly, by virtue of the connection of the output line 26a to 
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the line 26 (and through the line 26 to the input line 12) of the first stage 
RST 11, then make-up water derived from the line 25 can be supplied 
from the RST 1 la to the input flow of the RST 1 1 upstream of its nozzle. 
If desired the make-up or recycled water can be supplied to the 
respective RST casing rather than its input line 12. 

In the multistage an-angements of Figures 5 and 6 it would be possible in 
some cases to use only two stages whereas in other cases more than 
three stages would be advantageous. 

it will be recognised that in all of the embodiments described above the 
energy of the dissolved gas contained in the input flow from the 
wellhead of the oil well is used to drive the separation system, and to 
recycle water derived from the input flow, or from a make-up source. 
Thus the systems are extremely energy efficient since they do not require 
an external energy input (except perhaps during start-up when it is 
desirable to run the RSTs up to speed before separation is allowed to 
commence), and they can provide the products of separation at pressures 
suitable for further processing. Furthermore, in most cases there is 
remaining surplus energy which can be transferred by output shafts 
connected to the turbine rotors, either to provide pumping energy, or 
electrical energy by way of a generator or motor/generator driven by the 
shaft. However it is to be understood that some wellhead flows may 
contain insufficient gas to provide the necessary energy to run the or 
each RST rotor up to the required speed for efficient separation and/or 
pressure take-off by means of a scoop for water recycle. In such 
situations the arrangements described above can have their rotors driven 
wholly or in part by externally derived energy to achieve the desired 
rotor speed for separation and/or recycle. Similarly if appropriate the 
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pressure to recycle water or to supply make-up water can be supplied by 
way of an externally driven pump. 

Furthermore, while the invention is principally concerned with the 
separation of oil water and gas mixtures from oil well production flows, 
it is to be recognisedjtbat it can find use in other environments where 
mixtures of fluids of different densities are to be separated. 
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CLAIMS 

1. A process for separating fluids of different density from a 
pressurized fluid mixture, comprising supplying the flow to a rotary 
separation turbine and utilizing energy derived from the flow by the 
rotary separation turfciin^ to pressurize a supply of one of said fluids for 
supply to the separation process to increase the proportion of that fluid 
in the process. 

2. A process for separating gas, water and oil from a pressurized 
flow from an oil well, comprising supplying the flow to a rotary 
separation turbine and utilizing energy derived from the flow by the , . 
rotary separation turbine to pressurize water to supply to the separation 
process to increase the water proportion in the process. 

3. A process as claimed in Claim 2, wherein the water is derived 
from the inlet flow, is collected downstream of the input nozzle of the 
rotary turbine separator, and is recycled to the inlet flow upstream of the 
nozzle of the rotary turbine separator. 

4. A process as claimed in Claim 2, wherein the water is derived 
from the inlet flow, is colleaed downstream of the inlet nozzle of the 
rotary turbine separator, and is recycled to the rotary turbine separator 
downstream of its inlet nozzle. 

5. A process as claimed in any one of Claims 2 to 4, wherein the 
water is collected from the rotor to the rotary separation turbine by a 
diffuser scoop in which sufficient pressure is generated to recycle the 
water. 
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6. A process as claimed in Claim 2, wherein the water is derived 
from a low pressure source separate from the inlet flow and is 
pressurized by energy derived from the inlet flow by the rotary 
separation turbine for supply to the separation process. 

7. ,A^:process as claimed in Claim 6, wherein the water isi^supplied 
to the separation process upstream of the nozzle of the rotary separation 
turbine. 

8. A process as claimed in Claim 6, wherein the water is supplied 
to the separation process immediately downstream of the nozzle of the 
rotary separation turbine. 

9. A process as clairried in any one of Claims 2 to 4, wheriein the 
water is derived from the inlet flow by separation within the rotary 
separation turbine. 

10. A process as claimed in any one of Claims 2 to 4, wherein the 
water is derived from the inlet flow by a separation stage subsequent to 
the separation in the rotary separation turbine. 

n. A process as claimed in Claim 10, wherein the separation stage 
subsequent to the rotary separation turbine is a further rotary separation 
turbine. 

12. A process as claimed in Claim 10, wherein said separation stage 
subsequent to the rotary separation turbine includes a hydrocyclone. 
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13. A process for separation of gas and liquid from a pressurized 
flow from an oil well including the steps of treating the inlet flow from 
an oil well in a first, high pressure, rotary separation turbine, to remove a 
first proportion of the dissolved gas therefrom, and supplying some of the 
products of the first stage separation to a second stage separation 
operating^* a lower pressure to remove further dissolved gas from the 
flow. 

14. - A process as claimed in Claim 13, wherein some of the product 
of the second stage separation is passed to a third stage separation 
operating at a still lower pressure to retrieve the remaining dissolved gas 
from the inlet flow. 

15. A process for separating gas and liquid from a pressurized flow 
from an oil well comprising de-gassing, or substantially de-gassing the 
flow in a rotary separation turbine, and then subjecting the de-gassed 
flow to oil and water separation in a liquid/liquid hydrocyclone. 

16. A process as claimed in Claim 1 incorporating the process of 
Claim 13 or Claim 14. 

17. Apparatus for use in separation of gas, oil and water from a 
pressurized flow from an oil well, including a rotary separation turbine 
and means utilizing energy derived from the flow by the RST for 
pressurizing water to supply to the separation process. 



18. A process for separating phases of a multi-phase flow 
comprising feeding the flow to a rotary separation turbine the rotor of 
which is rotated at sufficient speed to achieve phase separation of the 
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flow and utilizing such rotation of the rotor and at least one of the 
separation phases to generate sufficient pressure in an output line of said 
phase to permit recycling of said phase at least in part into either the 
inlet flow of the RST or into the casing of the RST. 

. -il9.. A process as claimed in Claim 18, wherein said turbine rotor is 
driven, at least in part, by an energy source external to said multi-phase 
flow. 

20. A process for separating oil and water from a combined flow 
including treating the combined flow in a rotary separation turbine to 
separate the oil and water and adding water either to the flow entering 
the rotary separation turbine or to the flow in the rotary separation 
turbine. 

21. A process as claimed in Claim 2Q, wherein said watier is added 
by means of an external pump. 

22- A process as claimed in Claim 20 or Claim 21, wherein said 
water is recycled from the separated water leaving the rotary separator 
turbine. 

23. A process as claimed in Claim 22, wherein the water is recycled 
by pressure generated by rotation of the rotor of the rotary separation 
turbine. 

24. A process as claimed in any one of Claims 20 to 23, wherein 
the rotary separation turbine is driven, at least in part, by an energy 
source external to said combined oil and water flow. 
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25. Apparatus for use in separation of gas, oil and water from an oil well 
production flow, comprising a rotary separation turbine for removing the 
gas from the mixture and a centrifugal separator system including at least 
one hydrocyclone receiving and separating into oil and water phases, the 
oil and water mixture from the rotary separation turbine. 
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